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PRESENT STATUS OF THE SPOROGENES TEST. 


The sporogenes test is based on the characteristic milk reaction 
produced by certain anaérobic spore-forming bacteria which are 
widely distributed in nature and which are particularly common in 
fecal material. 

Numerous names have been given to anaérobic bacteria that give 
the typical milk reaction, some of which are the following: B. ente- 
ritidis sporogenes (Klein); B. aerogenes capsulatus (Welch), syno- 
nym &. welchti (Migula); B. perfringens (Veillon and Zuber) ; 
and B. Saccharobutyricus immobilis (Schattenfroh and Grass- 
berger). It is generally believed that the organisms bearing these 
names are either identical or very closely related species. 

In milk, under anaérobiec conditions, these organisms produce 
what is known as the “stormy” fermentation. In a characteristic 
reaction the casein is coagulated and the curd torn by gas within 24 
hours at 87° C. The whey is usually quite clear and the odor of 
butyric acid is noticeable. When the milk in a test tube is covered 
with a paraffin plug the latter is usually forced up almost to the top 
of the tube and sometimes entirely out of the tube. 
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English bacteriologists have made use of this characteristic reac- 
tion, both in water and milk analysis, in order to detect the presence 
of B. enteritidis sporogenes, which in their opinion indicates con- 
tamination by fecal material. The test has consequently become 
known as the sporogenes test. Therefore, in this paper the name JB. 
enteritidis sporogenes will be used in designating the organism caus- 
ing the stormy reaction, except when direct reference is made to pub- 
lications in which different terms are used. The organisms giving 
this test should not be confused with B. sporogenes of Metchnikoff, 
which gives an entirely different milk reaction. . 

Whether the bacteria which show the sporogenes test are identical 
makes little difference provided their distribution in nature is about 
the same. They are known to be present in fecal material, in miscel- 
laneous foodstuffs, cattle feed, soil,and water. Since they are present 
in cow feces, it is natural to assume that their presence in milk may 
be used as an index of contamination by manure. If they are present 
in feeds and soil to the same extent as in manure, their presence in 
milk may be rather an index of the general condition of cleanliness 
of production. | 

The obvious advantage of using the spores of B. enteritidis sporo- 
genes as an index of contamination lies in the faet that pasteurization 
does not destroy them, and therefore does not interfere with the de- 
termination of their presence in milk. Furthermore, they are not 
believed to vegetate in milk under normal conditions, and vegetative 
cells do not sporulate in the presence of the fermentable sugar in 
milk; so the sporogenes test with both fresh and old milk, provided 
it is still sweet, should give the same results. The test has conse- 
quently become known as a “nonmultiplying test.” Should it prove 
to be reliable in gauging the cleanliness of production and be rela- 
tively accurate, it would be extremely valuable in milk-control work. 

It has not been difficult to find spores in milk which give the char- 
acteristic stormy reaction. Fliigge (4)+ in 1894 isolated anaérobic 
butyric-acid bacteria from milk. In 1897 Klein (8) examined milk 
in London for spores of B. enteritidis sporogenes and found them in 
8 of the 10 samples examined. Since then they have been found in 
milk by various investigators, among whom are Savage (12), Hous- 
ton (7), Barthel (1), Brown (2), Simonds (14), Ritchie (11), Pryor 
(9), Weinzirl (15), Shippen (13), and Ford (5). Probably spores of 
these anaérobic bacteria can be found in all milk if large enough 
amounts are examined. , . 

There seems to be a difference of opinion among different investi- 
gators as to the value of the sporogenes test in indicating manurial 
contamination and the general conditions of cleanliness in produc- 


1 The numbers in parentheses refer to “ Literature cited,’”’ at end of bulletin. 
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tion. Savage (12), who was among the first to apply the test for 
this purpose, and who has studied the test probably more than any 
one else, realized its limitations. He states that the test does not 
show so close an agreement with the cleanliness of farm conditions 
as does the estimation of B. colt, On the whole, however, he thought 
that the sporogenes test might be of considerable value in estimating 
pollution, especially in market milk. Ritchie (11) concluded from 
his results that the sporogenes test was of little value. He obtained 
no correlation between the number of positive reactions and farm 
conditions. Barthel (1) was of the opinion that there never was a 
direct relation between the hygienic quality of milk and the presence 
of strict anaérobes. On the other hand, Weinzirl and Veldee (15) 
have used the test as a means of determining the manurial oles 
of milk and believe it to be of distinct value. 

There is nothing new about the sporogenes test so far as its general 
application is concerned. It has been known for a long time, but it. 
has not been given a thorough trial under controlled conditions of 
production. From past results the test gives promise of being too 
valuable to discard, yet it is too uncertain at present to use without 
knowing its limitations. 

It is the purpose of this paper to present some results obtained 
with the sporogenes test on. milk produced under controlled con- 
ditions. : 

THE SAVAGE METHOD. 

Savage (12) first examined 1 ¢. ¢., 10 ¢. c., and 20 ¢. ¢. of milk, the 
smallest quantity being added to a tube of freshiy sterilized whole 
milk, while the other quantities were placed in empty, sterile test 
tubes. The milk was heated to 80° C. for 10 minutes, then cooled and 
incubated under anaérobic conditions at 37° C. After 48 hours the 
tubes were examined for the typical stormy reaction. These quan- 
tities were found to be too wide apart to yield.a satisfactory esti- 
mation of the number of spores, so the following method was advo- 
eated. Small, narrow tubes, about 4 inches by + inch, were used in 
batches of 10. The tubes were sterilized and 2 c. c. of milk added to 
each, making a total of 20 c. c. in the 10 tubes. The tubes were 
heated, incubated, and examined as mentioned above. Each tube 
which showed a typical stormy reaction was recorded as 1. Thus, 
if three tubes showed the reaction, the result was recorded as 3. 

Savage set the following arbitrary standard, which he says can not 
be considered a rigid standard: 

0 or 1 tube positive=good milk. 

2, 3, or 4 tubes positive=unsatisfactory milk. 

5 or more tubes positive=bad milk. 

A number of samples of milk produced under dirty conditions 
have been examined by the Savage 10-tube method. His method was 
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varied slightly in that sterile paraffin was poured into each tube after 
heating. This formed a plug over the milk, and it was not necessary 
to place the tubes under anaérobic conditions. 

It was considered advisable to try the test on milk produced under 
conditions that would represent the worst grade of milk which might 
be encountered under commercial conditions. In order to do this, 
four cows were placed in a small barn which had been used for simi- 
lar experimental purposes. The loft above the cows was composed 
of narrow boards laid from 1 to 2 inches apart. Hay and cobwebs 
hung down from these openings. The walls were soiled with manure 
and dirt. All the cows were allowed to become dirty and their 
udders and flanks were more or less covered with partly dried ma- 
nure. The manure was removed from the floor only twice a week. 
Open pails, not sterilized, were used for milking. 

To show the relation between the Savage sporogenes test and the - 
milk, the sediment from 1 pint of milk, the total count, and the re- 
sult of the Savage test are shown in Plates I, I], and III. In the 
upper right-hand corner of each square is a number designating the 
number of tubes showing a positive sporogenes test out of the 10 
tubes used for each sample. Keeping in mind the arbitrary standards 
set by Savage (that is, 0 or 1 + = good milk, 2, 3, or 4 + = unsatis- 
factory milk, 5 or more + = bad milk) the results are interest- 
ing. It will be noted that according to this test the milk from 
Samples 1 to 35, inclusive, would be called good milk. It is believed 
that the sediment disks and counts make further discussion unneces- 
sary. Particular attention is called to the difference in sediment be- 
tween Sample 1 and Samples 19 and 20. None of the three showed a 
positive test by the Savage method. On Plate ITI samples from 36 
to 52, inclusive, would be classed as unsatisfactory by the Savage 
sporogenes test. No one would dispute this statement, although 
many were no worse than those called good on Plates I and II. 
Samples 53, 54, and 55 are classed as bad by the test, yet they are no 
worse than some called good. 

It is further evident from the results shown on the plates that there 
is no relation between the sporogenes test as used by Savage and the 
total count. In this connection it may be noted that the milk ex- 
amined was fresh milk. Savage also found very little relationship 
between the test and the total count. 

The question naturally arises in connection with. the sporogenes 
test. as to the accuracy of the test itself. Will a number of tests with 
a given sample of milk show the same results? To answer this ques- 
tion, 5 sets of 10 tubes each, with 2 c. c. of milk in each tube, were 
prepared from a sample of milk. In other words, the Savage method 
was applied 5 times to, the same sample of milk. From the results of 
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14 samples of milk examined in this manner it is evident as shown 
in Table 1 that there may be a considerable variation in the results 
obtained from a given sample. 


TABLE 1.—Variation in the Savage sporogenes test, showing number of positive 
tubes of 2 c. c. each after incubating for 48 hours at 37° to 40° C. 


Number of positive tests. Range in 
number of 
Sample. | | positive 
Set 1. | Set 2. | Set 3. Bee 4,| Set 5. tests. 
| | 
1 3 if 118 3 Pred ies OTR 
2 4 Oe a2 1 Soulee 0.4: 
3 2 Dol er wteed | 0 Aa! 0to2 
4 1 Ue cea 0 0 Otol 
5 1 On ero 1 1 Otol 
6 1 2 ow O 1 2 Oto2 
7 2 ial geak? 2 el aritoe 
8 1 2 2 0 222s O;t02 
9 1 0 0 0 One| Otol 
10 4 4 il 3 2 1lto4 
ial 9 8 5 6 U 5to9 
12 6 8 5 6 6 5to8 
13 7 6 3 7 6 38to7 
eee 9 8 9 7 9 7to9 | 


The sample of milk in every case was shaken thoroughly to give 
as equal a distribution of spores as possible. The 2 c¢. ce. samples 
used in the sporogenes test were removed in two different ways: 
(1) Ten 2 c. c. samples were removed from the sample of milk by 
means of a sterile 2 c. c. pipette; (2) ten 2 c. c. samples were removed 
from the sample of milk by means of a sterile 10 c. c. graduated 
pipette, successive 2 c. c. portions being delivered for each sample. 
It was found that this variation in removal of the 2 c. c. samples 
had no effect on the results of the sporogenes test. 

The effect of the variations in the numbers of positive tubes and 
different sets of tubes of milk from the same sample of milk is ob- 
vious when one attempts to grade the milk by the Savage method. 
For example, in Table 1, Samples 2, 3, 6, 8, and 10 would be graded 
as elther good or unsatisfactory, according to the results of the 
sporogenes test and the Savage arbitrary standards. This is shown 
more clearly by consideration of the results obtained with Sample 2. 
Each set of 10 tubes represents a complete sporogenes test according 
to the Savage method. In Set 2 there were no positive tests and in 
Set 4 there was one; therefore, the milk would be graded by either of 
these tests as good. In the other sets there were 2, 3, and 4 tubes 
positive, which according to the standards would necessitate calling 
the milk unsatisfactory. | 

Two reasons at least may be designated as contributing causes for 
the variations in the sporogenes test: First, uneven distribution of 
the spores in the milk; and, second, lack of development of the char- 
acteristic stormy reaction on which the test is based. Savage (12) 
mentions the fact that the lack of an even distribution of spores is a 
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serious drawback to the utility of the test, while Simonds (14) 
found that a failure to get the stormy fermentation does not neces- 
sarily mean a lack of growth of the organisms giving the test. This 
he believes from his experiments is due to not having the correct de- 
gree of anaérobiosis in the milk tubes. 

How far the lack of development of the characteristic stormy 
reaction influences the assumption of an unequal distribution of 
spores is difficult to determine. As long as these variations in the 
sporogenes tests continue, the value of the test is materially lowered, 
and the reason for the variation is of little importance except that 
if it were definitely known some remedy might be found. This defect 
in the sporogenes test apples not only to the Savage method but also 
to the other methods mentioned in this paper. 


THE WEINZIRL METHOD. 


A method of determining manurial pollution of milk in which the 
sporogenes test is used has been suggested by Weinzirl (15). The 
method of making the test is essentially the same as the first one used 
by Savage, although the results were interpreted in a somewhat differ- 
ent manner. The method of Weinzirl consists in using 5, 10, and 15 
c. c. samples of milk from each sample which is to be examined. The 
milk is heated to 80° C. for 10 minutes and melted paraffin poured 
on the milk to make a layer one-eighth inch or more in thickness. 
The tubes of milk are then cooled and incubated at 37° C. From his 
examination of cow manure, Weinzirl calculated that there were prob- 
ably 10,000 sporogenes per gram of manure in the partially dried 
condition in which it usually enters milk. Based on this figure, he 
estimated the amount of manure in milk as follows: A positive reac- 
tion in the 5 c. c. tube indicates 1 gram of manure in 50 liters of milk; 
a positive reaction in the 10 ¢. c. tube indicates 1 gram of manure in 
100 liters of milk; and a positive reaction in a 15 c. ¢. tube indicates 
1 gram of manure in 150 liters of milk. 

To determine the value of Weinzirl’s method, 48 samples of milk 
were examined which were produced under dirty conditions. The 
same conditions of production prevailed as those previously described 
under the Savage test. The results of the work are presented in 
Plates LV and V, on which are shown sediment disks from each pint 
sample of milk examined, together with the results of the sporogenes 
test as performed by Weinzirl and the total bacterial count. Fresh 
milk was examined in all cases. In the upper left-hand corner of 
each square is shown the result of the sporogenes test. Figures 5, 
10, and 15 represent the respective number of cubic centimeters of 
milk used, and opposite each is a positive or negative sign. <A posi- 
tive sign indicates a “stormy” fermentation, and a negative sign 
the absence of the characteristic reaction. 
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In order to show the value of the Weinzirl test, the samples of 
milk have been grouped on the basis of the test in accordance with 
his arbitrarily assumed standards. Weinziril’s standards were as fol- 
lows: One gram of manure in 50 liters of milk is excessive; not 
more than 1 gram in 100 liters of milk is fair; and not more than 1 
gram in 150 liters represents good market milk. 

On the basis of this classification, all the samples represented by 
sediment disks in Plate IV would be classed as good milk. Un- 
doubtedly such a classification is incorrect. Particular attention is 
called to the differences in the quantity of manure among samples 
showing the same results with this sporogenes test. Compare, for 
example, Samples 1 and 15. In neither case were any positive reac- 
tions recorded. 

The sediment disks on Plate V were made from milk which would 
be classed as fair or as having an excessive quantity of manure, 
according to Weinzirl. The bee three samples are the only ones 
which would be considered to have an excessive amount of manure. 
It is evident that, with the exception of Sample 36, the rest of the 
samples at least do not represent good milk, and are certainly no 
better than the fair milk as classified by the Weinzirl test. Many of 
these samples of so-called fair milk, however, were evidently much 
better than some of those classed as good milk. 

As in the Savage method, there is also no definite relation between 
the Weinzirl sporogenes test and the total bacterial count. Par- 
ticular attention is called to the variation between the test and the 
amount of sediment. This is especially striking in the case of Sam- 
ples 15 on Plate IV and 36 on Plate V. Sample 15 had an excessive 
quantity of manure showing a negative sporogenes test, while Sam- 
ple 36 had a small amount of sediment and yet gave a positive reac- 
tion in the 5 c. c. tube. Positive tests among the three quantities of 
milk used seem to show no consistent behavior. If a sufficient number 
of spores are present in the milk to give a positive test in the 5 c. ¢. 
tube, the 10 and 15 c. c. tubes should also be positive. If the 10 c. e¢. 
tube is positive, the 15 ¢. c. tube should also show the reaction, but 
such is not always the case. These variations probably are due either 
to an uneven distribution of spores or to their failure to develop a 
characteristic stormy reaction. Weinzirl, of course, merely assumed 
an arbitrary standard for grading milk on the basis of the sporogenes 
test, but whatever standard is accepted it would not change the lack 
of correlation between his methods of making the sporogenes test and 
the quantity of manure actually in the sample. 


DEFECTS IN THE SPOROGENES TEST. 


Besides the variations in results obtained by repeating the sporo- 
genes test on the same samples of milk, the test is defective because it 
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is not positively known how the spores of the organisms giving the 
test gain entrance to milk. This fact naturally decreases the utility 
of the test. Savage recognizes this condition of affairs, and in weigh- 
ing the value of the test rightly assumes that they might gain 
entrance to milk from other sources, and thus would represent con- 
tamination by material not so undesirable as manure. 

Weinzirl seems to have overlooked the possibility of the entrance 
of the spores of 4. enteritidis sporogenes from sources other than 
cow manure. He makes a further assumption, which from our 
results seems to be incorrect—that of giving an average figure which 
can be safely set up as being the number of spores per gram of 
manure. He estimates that cow manure as it enters milk contains 
the probable average of 10,000 spores per gram. He found that in 
moist cow manure there may be fewer than 730 or more than 14,300 
per gram. This is a decidedly higher figure than was obtained by 
Savage, who estimated from 10 to 10,000 per gram. As is shown 
in Table 2, our figures for the number of spores of B. enteritidis 
_ sporogenes in cow feces are much lower than those obtained by 
Weinzirl, and agree closely with the results of Savage. In fact, 
our figures, on the whole, are even lower than those of Savage. The 
manure examined consisted of samples ranging from fresh to nearly 
air dry, the most of them, however, being decidedly moist. 


TABLE 2—Number of spores of B. enteritidis sporogenes in cow manure and feed. 


Feed. | Feed. 
Sample, Cow || Sample Cow 
No. feces. | No. feces. : 
Silage. | Grain. | Silage. Grain. 
| 
| Spores Spores Spores Spores Spores Spores 
er gram. | per gram. | per gram. per gram. | per gram. | per gram. 
Gyles GAGr al sas COL ase le | 13 140. |e oe 30 | 
2 50 LY (EN SAS 14 TOOLS E Sk eee ae Ole 
3 200 ADO eae ee ee 15 TAO ia Gee eel 40 | 
4 600 SOOTHE Seer. 16 GOOR NEES eee 35 
5 20 PA 1) SN | apes es Aa Le 17 20h eee 10 
6 50 DOL eS eee 18 DAO WEN see tere Tks) 
7 600 SLU eters oi 19 40" | eases 20 
8 60 | TOR alee eee es 20 20 | 30 
9 800 RO n ieee ae | 21 0 Cee eee FE eeeaT0G 
10 1,000 AOR ED 22 EVs ep ape gd a 20 
11 800 COM tees eee D3 ng Wan Se ee Kee meas oe 40 
12 1,000 SO. eee D4. fe LE eee el eG TE 200 | 
1 0-1, gram. 
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The average spore content of 22 samples representing different 
cows from herds in widely scattered parts of the country was esti- 
mated to be 304 per gram. The number of spores was estimated 
by inoculating several series of 5 tubes of sterile milk each with a 
different dilution of manure in sterile water. The tubes were then 
heated to 80° C. for 10 minutes, then cooled and incubated. From 
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the number of stormy reactions and the dilution the number of 
spores in the manure was estimated. Assuming that the manure 
as it enters milk contains only one-fourth as much moisture as sam- - 
ples of moist feces, and multiplying, therefore, the average spore 
content by four, it may be assumed from the results that the manure 
as it enters the milk contains approximately 1,200 spores per gram. 
When this average figure is compared with the 10,000 obtained by 
Weinzirl it is apparent that there must be an extremely variable 
number of spores of B. enteritidis sporogenes in cow feces. Even 
if it were possible to assume that these spores could gain entrance 
into milk from cow manure only (without definite proof this as- 
sumption can not safely be made) their variable number in this 
material would decidedly interfere with the accuracy of the test. 
In the hight of these facts it is probably possible to explain the dis- 
crepancies that exist between the test and the manurial content of 
the milk. | 

Spores of the organism under consideration are known to be 
widely distributed in nature. They are found in waters and soils, 
and, as is shown in Table 2, they are present in considerable numbers 
in silage, grain, and mixed feeds. How many spores may gain 
entrance into milk from these sources is of course problematical, 
although on the whole it seems probable that they are introduced in 
the greatest numbers through manure. 3 | 

It seems apparent from the results of other investigations and of 
our experiments that if the sporogenes test is to be of any definite 
value its greatest possibility hes in the relation which the test bears 
to the general conditions of production. 


ATTEMPTS TO IMPROVE THE CHARACTERISTIC STORMY 
REACTION. 


Before going further with the sporogenes test it was considered 
desirable (1) to reduce if possible the number of doubtful reactions 
caused by peptonizing faculative anaérobes and (2) to hasten and 
make more dominant the growth of B. enteritidis sporogenes by add- 
ing to milk certain substances likely to promote more rapid growth 
of the organism. 

To eliminate peptonization, attempts were made to utilize the selec- 
tive action of gentian violet. Churchman (3) has shown that gen- 
tian violet; in a dilution of 1 to 100,000 of medium prevented the 
growth of B. subtilis while it permitted the growth of B. welchii. 
Dilutions of 1 to 50,000 and 1 to 100,000 were tried, the necessary 
amount of a stock solution of 1 to 1,000 being added previous to heat- 
ing the milk tubes. It was found that the proportions of 1 to 50,000 
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largely eliminated peptonization and made the stormy reaction more 
clear-cut, but at the same time reduced the number of positive tests, 
probably because of an inhibiting action on 2. enteritidis sporogenes. 
With a strength of 1 to 100,000 the gentian violet caused no reduction 
in the number of positive tests, but also had no effect in eliminating 
peptonization in samples containing facultative anaérobes capable of 
producing this reaction. While peptonization in occasional tubes is 
not a very serious matter, it tends to create difficulty in determining 
whether a tube shows a typical stormy fermentation. The use of 
gentian violet proved to be of no assistance in this connection. 

Henry (6) made use of alkaline egg albumen in connection with 
the development of B. welchii on solid media and obtained beneficial 
results. It was thought, therefore, that it might be possible to use 
this in connection with the sporogenes test in order to stimulate the 
growth of these organisms. The alkaline egg medium as given by 
Henry is as fears 

To the whites of two eggs 4.¢. c. of N/1 NaOH is added and the 
mixture heated at about 95° C. for 14 hours. Solution is then made 
up to 330 c. c. volume with water and then filtered and sterilized. 
When using the sporogenes test with 10 tubes of 2 c. c. each of milk, 
1c. c. of sterile, alkaline egg solution was added to each tube before 
the milk. The tubes were then heated and carried through the test 
in the usual manner. In some samples of milk it was found that 
when alkaline egg was used the number of positive tubes in the set 
of 10 was considerably increased. Quite often the reaction appeared 
more quickly than in the tubes without the egg solution and as a rule - 
the reaction was more vigorous. This likely improvement in the test 
did not follow consistently, however, in all samples, and it was found 
that the advantage gained did not compensate for the additional 
trouble of using the alkaline egg solution. 

The effect of the addition of peptone on the sporogenes test was 
also tried. In this experiment 10 tubes, each containing 10 ec. c¢. of 
milk, were used instead of the 2 c. c. amounts used by Savage. Two 
series of tubes of 10 c. ec. each were prepared, one series containing 
approximately 5 per cent peptone and the other containing none. 
One c. c. of a sterile 5 per cent solution of peptone was placed in each 
tube of the peptone series, to each of which was then added 10 e¢. e. 
of milk. Nineteen samples of milk were examined on this compara- 
tive basis and the results indicated that in some cases the addition of 
peptone caused an increase in the number of positive tubes and also 
a more vigorous reaction. In other samples the number of positive 
reactions was lower in the milk with peptone than in that without. 
On the whole, the results indicated that there was no particular ad- 
vantage in the addition of the peptone solution. 
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SEDIMENT DISKS FROM PINTS OF MILK PRODUCED UNDER CLEAN CON- 
DITIONS, WITH UTENSILS NOT STERILIZED, SHOWING RESULTS OF THE 
SPOROGENES TEST AND THE TOTAL COUNTS. 


SPOROGENES TEST. ~ ~ 11 
USE OF 20 C. C. AMOUNTS OF MILK IN THE SPOROGENES TEST. 


While working with the Savage test where 2 c. c. amounts of 
ilk were used in 10 tubes, it seemed apparent that if the test was 
to be used in the most efficient manner its range would have to be in- 
creased so as to allow a greater difference, if possible, between good 
and bad milk. It seemed probable that this might be accomphshed 
by using 10 ¢. c. or 20 ¢. c. quantities of milk. 

A series of tests was therefore made, using 2 c. c., 10 c. c., and 20 
e. c. of milk, produced under the dirty conditions previously de- 
scribed. The results in Table 3 show clearly the value of larger 
samples of milk. They are arranged in the order of the number of 
positive reactions in the 2 c. c. samples, and the corresponding results 
with 10 and 20 c. ce. are placed opposite. It should be kept in mind 
that all the milk examined was produced under extremely dirty con- 
ditions and contained an abnormal quantity of manure in many 
cases. In other words, the milk represented the worst grade that 
would ever be encountered in commercial conditions. 


TABLE 3.—Comparison of number of positive reactions when different quantities 
of milk were used. 


Sample} Sets of 10 tubes, 2c. ec. | Sets of 10tubes,10c.c¢. | Sets of 10 tubes, 20 c. c. 

No. each. each. each. 

| [pasll gst ipa 

1 ee ea i a are a aol ah A ele Sete | ll 
2 ||| JI] | I] 444-414] -|-|-|-|- 
B fll IJ] EET] |] EEE] | 
A |) |=] 1S = |= 1 || I= | | I= || 44+ 141-1 |= |-1-|F |- 
5 |—|—|—|—|— —|—|—|—/—|—|— | —|-|—|—/-|-|— -!4+/-|-|-|-|-|--|-|- 
6 |—~——-|——|-|-|-|-|4+ +4), |---| -— + 44)-|-/-| -— -|-- 
d —|—|—/—|—|=|—|=|—|—|4]+)-|-|—|—|-|-|-|-| + |+)4+]+)-|-|-|-|-|- 
—|—)— —|— —|—)—)—|-| 4+ |4+ — —|-)-) -—|-|- — +4 4+/— -|-|- -|- - 
‘2 +/—|—!—|— —|—I-)—|—]+ 14+ }-4/4]414}—l-[- i) ee || 
oe el ee | ep 
12 eo eee See eee Se ee sass 
8 Bass a) 9 nf ee lea as 
a ese ot al cede emt FU Oo dade rec Pf lee ee 
1 +\=|—|—|=|-|—|-|—|-]+ i444] felt —)ie tie te tei |-]-|— 
era tele ce | alain as easel lac nll ale eet le el let 
Wf) ||| =| — J] J] || ||| 4) |] ++] |— 
1 j+4/————-———|/—4)4+/+/4)4/4 4+ -|-/- + + 4|4+/ 4/4. 4+-/- - 
9 j+4——-———-—-\-4+)44)4)--—-—|—- 4+ 44/4 -|-- -|- - 
20 |444——\-|-|\—|-|- 4/44 |4)4/4 —-|-|- + 4/4|4 4+]/4+ 4+/-/— - 
24 j4i4)4)—|—/—!-|—!- | 4 |4 14+ |-!-|-!— |!) 44414) 4/4 -!-|- - 
220 |+ 4/4 4)——|—|-|—|—| 4+) 4/4) 4/4/4+|- —— — +|4+)4+|4+/+4/4+ -|-/- - 
23 | E | E]—|—|—|— ||] ee eee] 4 I+] | +4 + || — 
240 EIA) H IA) ||| |] |||) 444 |+)+)4+)+)+ + 
250 JE) IAA )—|—|—|—|—| 4] 4] —|—|—|—-] +] +414+- | 4+-]-|-]-]-I-|- 
26 tlle] ]—|—|— || eye] | ||] || ]+4}+4]41-|— 
Zed Ne) ef fe dd ed fd te tl 
Goes fara te (ate ttc et lat ltl teleost ale lie iee | leer |e Le | |) 
P29 PELE] YE EYEE |E EEE EEE EEE] EEE] |] |e] 
| 30 ACER ECE EE EEE EEE EERE EE EEE EEE EEE tee] + 


Keeping this fact in mind, it is interesting to observe that more 
than one-half of the samples in which 2 c. c. of milk were used 
showed either none or only one positive reaction. The first 8 samples 
showing no positive reactions could not be differentiated by means 
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of this test from the highest grade of milk that could be produced. 
The results with the 10 c c. amount of milk were not found to be so 
satisfactory as the 20 ¢. c., because during the examination of cer- 
tified milk a positive test was rarely encountered with the smaller 
amount. ; 

It was felt that an amount of milk should be used which if pos- 
sible would show at least one positive reaction in a set of 10 tubes 
with milk produced under the cleanest conditions, and would show 
also a large number of positive reactions with milk produced under 
extremely dirty conditions. The results in Table 3 show that 2 c. e. 
amounts of milk do not meet this requirement, for with dirty milk 
8 out of 30 samples gave no positive sporogenes test. In the same 
dirty milk there was a greater tendency for a larger number of 
the 10 tubes with 20 ¢. ¢. each to show the characteristic stormy reac- 
tion. Even with the 20 ec. c. quantities the results were not so uni- 
formly high as could be desired, but this amount of milk possessed 
the added advantage of being about the smallest amount which could 
be used to show positive reactions in milk produced under the cleanest 
conditions. 


THE SPOROGENES TEST IN RELATION TO MILK PRODUCED UNDER 
EXTREME CONDITIONS OF CLEANLINESS AND OF FILTH. 


It was evident that if the sporogenes test could not differentiate 
between samples of milk produced under clean and dirty conditions 
there could be no hope of the test’s being of value in milk-control 
work. To determine this point the sporogenes test, using 10 tubes | 
with 20 c. c. of milk, was applied to 24 samples of certified milk and 
18 samples of milk produced under the dirty conditions previously 
described. The results in Table 4 show that the test with 20 c. ¢. of 
milk to each tube can be used with milk produced under extremes 
in conditions. About 50 per cent of the samples of certified milk 
showed no positive reaction, but of the remaining 13 samples 7 
showed 1 positive tube, 5 showed 2 positive, and 1 showed 4 positive. 


SPOROGENES TEST. 10 


TABLE 4.—The sporogenes test with milk produced under clean and under dirty 
conditions. 


CERTIFIED MILK. 


Posi- - 
Sample Sporogenes test in sets of 10 tubes, with 20 ec. c. of milk. tinged aie ee 
No. Pests! count. 
rs |e + — | — - — | —*} =~,f = — 2 3, 900 
Pigs +} + — | -—]}] = — | — — | — 4} = 2 4,400 
Spas: eee ee ge i ena | aN eS le ee 0 4,600 
ASN Boies + - Flt oa Wa Me | Pree a ie oath Se 1 6, 500 
ios Giueer s aS See 0 8, 200 
tg i) ae ee Ry | eet elle eee a ene | eee | eee | rete | oe 0 8, 600 
(ee = == = a = = 0 8, 100 
Spe a Ne — eae = = = = 0 9, 900 
iecs Np bee I a eg ee ered eae 1 10, 300 
byl ease fae fis FE oi te AN cectiaell dl tf ee —- | —}|— | = 4 10, 500 
TY. te a == = Seas oo 2 10, 500 
toes. A = = = = = = = = = 1 11, 000 
5 ee a - — _ — ~ - - - - 1 12, 200 
i pale ts - — |—-—|- il 12, 600 
iG, a kf aR od eS ihe SOPH Res Eee i SAR Ae Fe 0 12, 700 
16s +/+] - i le 2 16, 700 
iy 5 Sse SS 0 18, 000 
18 cca xa re ee ae ee (ee ee 1 20, 700 
tow & = = = = = ue = ere = 0 28, 400 
20s — — — — — — _ - a 0 31, 500 
Die cies SN oie ign op Wee A Ly UT geal we 2 Neo Ai 2S ge ca 0 31, 800 
We abe SR EES FI IS STE PE eI AY 0 36, 600 
93 es sre a = Se a a ee 1 40, 700 
D4 Page. See SB Si PE er ae 2 45, 000 


MILK PRODUCED UNDER DIRTY CONDITIONS; COWS DIRTY; UTENSILS NOT 


STERILIZED. 

! | 
me + + ae -- an + + + + -- 9 33, 000 | 
2aees se ae ia + +6 oe =F = — - 7 46, 000 
Ruaae + + + + + + = = — = 6 101, 000 | 
Ae SEE + + — -- — — ~ — - = 2 106, 000 
i ceraes + + a | ese + + r + — 9 107,000 | 
Cee + + + se (a = —-};- ~ = 5 112,000 | 
Tak ee + + + + to fe ae sR = 9 118,000 | 

aS cence | + + ee ~ - = — — 3 129,000 > 
Or tes ote + st + — — — | = - - 4 245,000 | 
10KSSE + a + ete + + | + + + 10 320,000 | 
Len aa a + + — — — | = — - 4 750,000 | 
i ewe + = + ~ — — — | = -- = 3 1,340,000 | 
ie + + + + + + qe |) ae + - 10 1,810, 000 
eee + = + + + + + — — a NOT, 2,900, 000 
eee + + + + ot aE _ _ - - 6 | 11,600, 000 
16f2s af + + a + + + — ~ — | 7 | 22,500,000 | 
Bree + + + + | + + + | + + -- 10 | 25,000,000 | 
Ie + + +} +. ho - + = - = -- 6 | 61,000,000 | 
| 


An examination of the results obtained from milk produced under 
extremely dirty conditions shows that in general the number of posi- 
tive tubes was considerably higher than in the case of the certified 
milk. It is true that there were some samples which showed only two 
or three positive results. Such samples would be difficult to place by 
this test. The general picture presented by the results, however, is 
such that a marked difference is shown 1n the results obtained by the 
sporogenes test when milk is examined which has been produced under 
these extreme conditions. It is evident that these results determine 
the limitations of the test. The number of positive reactions in a set 
of 10 tubes using 20 c. c. quantities of milk, therefore, must fall either 
within the range of the results shown in Table 4, which represent the 
examination of good and bad milk, or somewhere between these fig- 
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ures. It is apparent that there is not a very great range left to cover 
the results obtained in the examination of the intermediate grades of 
milk. From these results, however, it seems probable that the spo- 
rogenes test, using 10 tubes of 20 c. c. quantities of milk for each tube, 
may be of some value in determining whether milk has been produced 
under clean or dirty conditions. One test, however, would probably 
not. be sufficient to enable one to make this decision. If several tests — 
were made and the great majority of the results were either high or 
low, the results could be interpreted more accurately and the value 
of the test would be greatly improved. 

Tt is impossible to say from these results where milk produced under 
fair conditions would fall according to this grouping. The tendency 
would be for such samples to show great variations, some falling into 
the clean grade, others into the dirty grade. 


CONDITIONS OF PRODUCTION OF PASTEURIZED MILK AS 
INDICATED BY THE SPOROGENES TEST. 


In connection with the results just discussed it will be of interest to 
see what commercially pasteurized milk showed, using this test to in- 
dicate conditions of production. This is possible, because the test is 
probably a nonmultiplying one, as shown by the work of Savage (12). 
To verify this point several experiments were conducted by holding 
pasteurized milk at room temperature for 24 hours. No change in 
the number of spores was observed other than what could be accounted 
for by the limitations of the test. 

Since the spores are not destroyed by the usual pasteurizing tem-' 
peratures and do not change in number, the sporogenes test, if it 
correlates with the presence of manure or with the general conditions 
of cleanliness in production, should, as suggested by Weinzirl, be an 
excellent test for determining the quality of the raw milk before pas- 
teurization. The results which are shown in Table 5 were on the 10 
ce. c. and 10-tube basis, because the samples of milk were examined be- 
fore the value of 20 ¢. c. quantities of milk was known. When examin- 
ing the results it should be kept in mind that certified milk shows 
negative results with this quantity of milk. Consider, now, the re- 
sults of the sporogenes test with dirty milk shown at the bottom of the 
table, and what can then be said of the conditions under which the 
raw milk was produced. 
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TABLE 5.—The sporogenes test with milk produced under unknown conditions 
and milk produced under dirty conditions. 


COMMERCIAL PASTEURIZED MILK. 


| Posi- c 
Sample Sporogenes test in sets of 10 tubes, with 10 c. c. of milk. tive | Bacterial 
0. Washes count. 

to |) tale eS Se oa ee ae 3, 100 
BAe eth IR eee es el el at a 3. 500 
Bose Mee see ee ee a ea 4) 800 
4f+} +] eet] +} +] 4) 4+)—-]-]-8 5, 700 
Sem ct thet Sees era cite | eT age Pag elt eg Li 10, 400 
CURE AEC Ed | EER EMS Hime A aN 6 Ee ar Ss ed See PE 10, 800 
ON SBR tee ee Re ei a a I a 12) 400 
So sete ee oie I eg 12) 500 
Oo ge be ses | ee Se Ee a 13; 700 
UD ff Fe Se NS eee a Ss 15, 600 
ie Oe Ie Ya EY ete | | ST) 0 15, 800 
1 |e hate A ee ee a NS iy 17, 600 
Bode | ee Se SE ee ae ee at ae 17, 800 

a een Reena ge lee Ran ee ce eet nae allete 17, 800 | 
HIG) See SE ee ee ro a ee 18) 800 
Tie Mf ees fee eee gilt eke a ee a] Pa SU ee 1 19. 200 
17 + | + — — — — — - — | —- 2 19, 300 
gehen des eral ges bli ee On| ae ee alle a 2 20, 200 
| 19 Ts] SE |e Tai Wee eta Va eed le 4 20, 300 
(oxi Gyo Sap ae di eS [ees alg ac ee ey (ed ee ea a a 22” 800 
POOR see de ea SR SEE ee Sal eG 24) 700 
ROD PCH era Cae ed ae [ogee | Eng 25, 200 
Gy. | ltl gett age et ae Me cee ee pee Nae 26, 900 
24 sheesh + + — — =— _ —- | = 4 30, 600 
Doe ale nel te tele eee ik ce fhe Wie Mae 41, 900 
Sp] lll é 2 Se Fa wh a ae id (ee ae Ue 57, 000 
By of te | ee aS ta Sa Be Se) Sea 80,000 
2 | +} +] +t +] +=], —-)]-—)]-] - |] 5 225000 

! { 


MILK PRODUCED UNDER DIRTY CONDITIONS; COWS DIRTY; UTENSILS NOT 


STERILIZED. 
| 
1 feos all SE Wah osc hae fe SM AS aN) 7 33, 000 
2 AB ff BEG, SES} ie dg ee 3 46, 000 
3 ie ft SE ach gt I Ne I I epee Ie 6 101, 000 | 
lbvsceeed ZT | yo Negi a STOR oP | Py aetna | APA Fp 2 106, 000 | 
ie Geer Spee gee Pea gel) ay Svan 107,000 | 
6 Sep entire reek (eats (EC Ste ec s Wibers ES pea 3 112, 000 
7 + + + | + + + _ - _ — 7 118, 000 
8 LE A Pe ee | a a ea eee pc igre eee Wg | 129, 000 
| 9 As Seer a 2 ie a i a Ue ee ee a ee 245,000 | 
10 aS NV RRSP Bees CE Ss feces cet ll at laicta lees saat a) 320,060 | 
11 ++] +]+]},+]+}-} —~-|] - | - 4] 6 750,000 | 
12 rye | ec vue ds | retin 7 Someday ec nS 2 1,340, 000 
13 tht f+ ]-+q4 7+ } +) —-]} -—] - 7 1,810, 000 
14 se a ete tee eee ce a eet ee | 7 2,900, 000 | 
15 ot lar PUL ye ad lakes Paley tet Bt Lae ee a ssl ae ais 3 |11,600,000 | 
16 cles lect ul ce Not latte (en eee ie O18 122,.500),000..°| 
17 +/+} +}+]+)]+i})+ i] + i} + +} + =| 10 ~~ {25,000,000 | 
bee creioteed te | AR | ee ee fe a 6)» 161,000; 000 
| | 


If the sporogenes test-is any criterion, it seems evident that the 
pasteurized milk for the most part was not produced under very 
clean conditions. It would appear that in general the conditions of 
production were probably similar to those under which the samples 
represented at the bottom of the table were produced. 

While information as to the production, indicated by the sporogenes 
test, could not be relied upon to do more than suggest probable condi- 
tions, the test might profitably be applied occasionally to milk from 
individual farms in connection with control work. 
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THE SOURCE OF THE MAJORITY OF SPORES OF B. ENTERITIDIS 
SPOROGENES FOUND IN MILK. 


It is known that the spores of B. enteritidis sporogenes are widely 
distributed in nature. As stated, they are found in cow manure, 
cattle feed. soil, and water. In fact, they are so generally distributed 
that their presence in milk may be interpreted theoretically as con- 
tamination from a number of sources. Perhaps they come from 
various sources, but since they are present in manure in larger num- 
bers than in other material likely to serve as a source of contamination. 
it seems logical to assume that most of them come from that source. 

Race (10) believes, however, that in practice milk cans form a most 
fruitful source of these organisms. He offers no figures to support 
his belief, which, if true, naturally would decrease the value of the 
test as a means of detecting manurial contamination. While con- 
tamination by dirty utensils is extremely important from the stand- 
point of number of bacteria introduced, it is not usually of so serious a 
nature as that of cow manure. In the consideration of the sporogenes 
test the influence of utensils, however, can not be overlooked, and a 
number of samples were run to determine the importance of this 
factor. 

The sporogenes test, using 10 tubes with 20 c. ce. of milk, was run 
on samples of milk produced under dirty conditions with unsteril- 
ized utensils. A similar number of tests were then made on milk 
produced under the same conditions, but with sterilized utensils. 
Then a third set of tests was made on milk produced from cows 
which had been cleaned and which were kept clean, but for which - 
the utensils were not sterilized. In fact, the utensils were simply 
washed with cold water. Small-top pails were used when the cows 
were clean, in order to exclude as much manure as possible. 

From the results of this work, which are shown in Table 6, it will 
be seen that, taking the samples as a whole, there was very little 
difference in the sporogenes test between samples produced under 
dirty conditions with the utensils not sterilized and those produced 
under dirty conditions with sterilized utensils. It would seem from 
these results that unsterilized utensils do not contribute to any 
marked extent to the contamination of milk by spores of B. enteri- 
tidis sporogenes. 
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TABLE 6.—fFelation of the sporogenes test to milk produced under varying 
conditions. 


MILK PRODUCED IN DIRTY BARN: COWS DIRTY; UTENSILS NOT STERILIZED, 


Posi- : 
Sample Sporogenes test in sets of 10 tubes, with 20 ¢. e. of milk. tive | Bacterial 
No. is ‘ ’ paeta count. 
| | 
i fe eee ae eb) Mee ae sae ee ae ee 9 83, 000 
2 EP ett cee ec este (eo tee ee lee 7 46, 000 
3 eee. sup ee ge WHE Ce Ses ya ate a ea ee ee 6 101, 000 
4 sila ue) ee a NR ee 7! ao Dei ag (PAL el Nee ail Uae y) 106, 000 
5 see Ve ttey lt octep Ale toena ed phar tengo seo clan teeny ta eb oe 9 107, 000 
6 Hey Weicky leicester techs tan (eset ipa il 5 112, 000 
a ee We | eee | ote lee ee 9 118, 000 
8 ai ale ane nics = = = — — _ 3 129, 000 
9 BT Pte era i eT ag, ie ti PR Si I= Ae | es tage 4 245, 000 
10 + 4 + + + + 4 = op te ale eO 320, 009 
11 +] +} + }] + eal as tli te eel tet ea ae 4 750, 000 
19 elasoo tied beetle esta alata ea Aa Nea aI lh all (ng ge 3 1,340, 000 
13 SPO Se la cbyebo-b a eck Wee dese oh ep ae 1 10 1,810, 060 
14 “ + + + + + aR = = os 7 2,900, 000 
15 cf a Ue a I ea te I rl ay 6 | 11,600, 0C0 
16 +] +} 4+}4+i}]+])+i]+i;})-}]-4- 7 | 22,500,000 
17 Pefob f te Pe ey te] + Te T+ | +. } 10} 25,000; 000 
18 Pelt] fey ee oe |] et eH] SK] eK 6 | 61,000, 000 
SAME AS ABOVE, EXCEPT UTENSILS STERILIZED. 
1 Sete leatee | iocctemellactran i tate lief tf hore wll oeatene este! Weck os. 0 19, 090 
2 +e} te pte] +] +] +e] He ] KH] = d 26, 000 
3 qe Oa ae NRE See eee te I baie yh bot hc 9 32, 000 
4 fe an + = — — — — = = 3 37, 000 
5 fy itej te] +} t+] ty t+ pe] -] 8 41, 000 
6 a ine pes pa os = = = — _— 2 56, 000 
7 se ot gales ella re acs) lees Liem La ec 0 64, 000 
8 = + + + + SL + + + aR 10 68, 000 
9 Ne zn ae oil == = = — _ a 4 76, 000 
10 steal steele ea Mae eo ARE) PS rE cob at ote 10 102, 000 
| 11 + + ae 4 ap + = — — 6 146, 000 
12 ee se a ail 2s = = = — — 4 163, 060 
13 Eres A gy eft Sa emia al apriee al rr Urea ride ae mia hate eee deen 3 168, 000 
14 +} ] tp toto] y= fp — fH pK] = 4 182, 000 
15 Sed ae tee ieee | ee Oe ee oe oie 8 186, 000 
16 alts abs = = = — — — — 1 242, 000 
17 + ar ab ar +e ak as a - — i 245, 000 
18 “ = + ie + + + ar = = 8 560, 000 
BARN FLOOR CLEAN; COWS CLEAN; UTENSILS NOT STERILIZED. 
1 Bis I sa le tice a Bal a SR ye 1 1.310, 000 
2 atte fe ak = — = — — _ = 3 1, 170, 000 
3 zl EE acted Ute Hse Saal use a0 ag 0 4, 200, 000 
4 is oP oR Bl PORN Pe ae ve one gee 0 4,300, 000 
5 PH ln caged Fc Staal East (bE ed A eh ha 1 4, 400, 000 
6 Se AG ae ee Se ge ar ae fees | 8 4,500, 000 
7 oi fag ME Ee neha Eel tad Naa ah See dhe 0 4,800, 000 
8 sii] ci Ma a na en Faso pha 1 7,600, 000 
9 eae eset pee ee eee ened gh Pg ew A 1 8, 400, 000 
10 cea ogh Be (yee ame wea sei MeO 1 9, 200, 000 
11 uc ai ale ah is _ = = — — 4 13, 600, 000 
12 ape, ag ellos il dan ed ae coll Soe | ae 5 | 18,900,060 
13 2 He Se a oA ea ee eee heel arena Caer pea 1 | 23,900, 000 
14 Sigs SB | Neate sa | ESS BP vege aga eee a 2 | 32,800,000 
15 STE all sug as hep Tl Rag eh sgt ol Lge aly Yd A ea Mh 1 | 38,000,000 
16 SEA SRB ae oH oe gel | sy | eg a 0 | 64,000, 000 


The results of the sporogenes test with milk produced from clean 
cows but with dirty utensils tend to confirm this opinion. It will 
be noted that there was a decided drop in the number of positive 
tubes in the sporogenes test, although occasional samples did.show 
a rather large number. 
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The quantity of sediment from each pint of milk produced under 
these conditions is shown in Plates VI, VII, and VIII. A comparison 
of the disks on Plates VI and VII shows that the milk produced 
under dirty conditions with unsterilized utensils and that pro- 
duced under the same conditions with sterilized utensils, contained 
about the same quantity of cow manure. As stated, these sam- 
ples showed about the same results with the sporogenes test. 

When the cows were clean there was a decided drop in the quan- 
tity of manure found in the milk, as will be noted from the sediment 
disks in Plate VIII. Reference again to Table 6 shows that under 
these conditions there was a decided drop in the sporogenes test, 
although the utensils used in the production of this milk were de- 
cidedly dirty. The extent of the contamination which came from 
these dirty utensils.is shown by the remarkably high counts with 
fresh milk in the lower section of Table 6. From these results 
it seems evident that, generally speaking, most of the spores of 
BL. enteritidis sporogenes which are found in milk are introduced 
through contamination by cow manure, but that occasionally a high 
sporogenes test may be the result of contamination by this organism 
from dirty utensils. 

Before considering the value of the sporogenes test any further 
it seems advisable to revert again to the subject of the lack of corre- 
lation between the test and the quantity of cow manure in milk. It 
has been shown that the test, as carried out by Savage and by Wein- 
zirl, bore no definite relation to the sediment which may be assumed 
is largely cow manure. In Plates VI, VII, and VIII the results of 
the sporogenes test are placed in the upper right-hand corner of 
each square containing a sediment disk, and the total count is shown 
beneath the disk. Particular attention is called to Plate VII. This 
shows sediment disks from milk produced under dirty conditions 
but with sterilized utensils. If there is any positive correlation be- 
tween the test and cow manure it should show with milk produced 
under these conditions. In making the test 10 tubes were used, each 
containing 20 ¢c. ec. of milk. 

It is evident that with these samples and with this method there 
was again no definite relation between the test and the manurial 
content of the milk. Sample 1, for example, showed negative sporo- 
genes test and evidently contained, from the appearance of the disk, 
as much manure as Samples 14, 15, and 16, in which all 10 tubes 
were positive. . 

While there seems to be no definite relation between the sporo- 
genes test and the sediment test when individual samples under a 
given. condition of production are compared, there seems to be a gen- 
eral difference in results when a number of samples produced under 
dirty conditions are compared with those produced under clean con- 
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ditions. This has been emphasized in the discussion of the test in 
connection with certified milk and dirty milk, and is again illus- 
trated by the results shown in the last two sections of Table 6. 


SUMMARY AND CONCLUSIONS. 


1. The Savage test using 10 tubes with 2 c. c. of milk is not sufh- 
ciently delicate to be of great value, evidently, because not enough 
milk is used in each tube. 

2. The Weinzir! test does not appear to correlate with the quantity 
of manure in milk. This seems to be due both to the method of 
making the test and to the variation in spore content of B. enteritidis 
sporogenes in manure. 

3. The experiments indicate that the majority of spores of B. 
enteritidis sporogenes gain entrance to milk by means of cow manure. 

4. With 10 tubes and 20 c. c. of milk to each tube, the sporogenes 
test as used throughout the experiments shows a fairly definite rela- 
tion to conditions of production. This relation is more definite than 
that shown by either the Savage or the Weinzirl test. 

None of the tests, however, show a definite correlation between 
the number of tubes positive and the quantity of manure in any given 
sample. But with 20 c. c. quantities of milk and discounting indi- 
vidual variation, there is a general trend of agreement between the 
test and manure. 

5. As a rule, the sporogenes test with 10 tubes and 20 c. c. of milk 
shows high results, that is, a large number of positive tubes with 
milk produced under dirty conditions. With milk produced under 
clean conditions, the test is apt to be negative or show only a few 
positive reactions. 

The test tends to differentiate between extremes in methods of pro- 
duction, and naturally most milk will fall between these limits. The 
nearer the conditions of production approach one extreme or the 
other, the more accurately will the sporogenes test indicate the con- 
ditions. | | 

It must be pointed out, however, that no reliance can be placed on 
one test with one sample. Individual variation with a single test 
makes a series of tests on a number of samples necessary for the 
result to have any significance. 

6. When the limitations of the test are understood and the results 
properly interpreted, its use with a series of samples from a given 
source should give considerable information as to cleanliness of pro- 
duction, particularly in connection with the extent of manurial pol- 
lution. The test, if used, however, should be taken as merely an ind1- 
cation of the conditions of production, and should be verified by an 
actual inspection at the farm. 
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